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(57) ABSTRACT

An electromagnetic flow meter comprises: an excitation
member (5) in which a plurality of magnets (5a, 55, 5¢) are
arranged spaced apart from one another along an outer cir-
cumferential surface of a flow channel (1) through which
liquid metal flows, and in which a magnetic field is formed in
a direction perpendicular to the outer circumferential surface
of the flow channel (1); and electrodes (6a, 65) provided
between the magnets (5a, 56, 5¢) of the excitation member
(5), for measuring the voltage generated when the liquid
metal crosses the magnetic field. A pulse excitation electric-
current supply device (7a) for supplying a pulsed excitation
current to the excitation member (5) is provided, whereby a
flow speed distribution can be suppressed from being gener-
ated in the circumferential direction of the channel (1) even
when the flow speed of the liquid metal is low, and the flow
rate can be accurately measured.

11 Claims, 6 Drawing Sheets
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ELECTROMAGNETIC FLOWMETER,
ELECTROMAGNETIC FLOW RATE
MEASUREMENT SYSTEM, AND
ELECTROMAGNETIC FLOW RATE
MEASUREMENT METHOD

TECHNICAL FIELD

The present invention relates to an electromagnetic flow-
meter for measuring a flow rate of liquid metal that flows in a
large-diameter pipeline like, e.g., a core or piping of a fast
reactor.

BACKGROUND ART

Conventionally, a flow rate of fluid flowing in a channel
having various shapes such as an annular channel can be
measured by using an electromagnetic flowmeter. There is
known, as such an electromagnetic flowmeter, a technique
disclosed in Patent Document 1. In the technique disclosed in
Patent Document 1, a magnetic field generator is set such that
both magnetic poles are arranged at one side of an outer wall
of a pipeline.

More specifically, the technique disclosed in Patent docu-
ment 1 includes an excitation device for forming a magnetic
field perpendicular to a pipeline outer wall and a pair of
electrodes for measuring electromotive force generated when
conductive fluid crosses the magnetic field. The electrodes
and both magnetic poles of the excitation device are arranged
at one side of the pipeline outer wall.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Application Laid-
Open Publication No. 2007-47071

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The above conventional electromagnetic flowmeter for
annular channel is increased in output voltage from the elec-
trodes with an increase in a flow speed of fluid passing
through the annular channel. When the flow speed of fluid to
be measured is low, it is necessary to obtain large output
voltage from the electrodes by increasing excitation current.

However, the larger the excitation current, the higher mag-
netic flux density of a magnetic field generated from a coil of
the excitation device becomes, and the higher magnetic flux
density acts locally on the fluid passing through the annular
channel as resisting force, generating a flow speed distribu-
tion in a circumferential direction of the annular channel. As
a result, when the flow speed of fluid to be measured is low,
the conventional electromagnetic flowmeter for annular
channel cannot obtain an accurate flow rate value.

In the conventional electromagnetic flowmeter, the excita-
tion current is always supplied to an electromagnet of the
excitation device, and temporal changes of an excitation cur-
rent [A], a magnetic field [ T], an electrode output [mV], and
a flow speed [m/s] of sodium (Na) in the vicinity of the
electromagnet are as illustrated in FIG. 10. As is clear from
FIG. 10, the flow rate of Na changes under the influence of a
magnetic field generated by the supplied excitation current,
thus influencing the electrode output.
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The present invention has been made in view of the above
situation, and an object thereof is to provide an electromag-
netic flowmeter, an electromagnetic flow rate measurement
system, and an electromagnetic flow rate measurement
method capable of suppressing occurrence of the flow rate
distribution in the circumferential direction of a flow channel
even when a flow speed of liquid metal is low and thus capable
of performing accurate flow rate measurement.

Means for Solving the Problem

In order to achieve the above-mentioned object, according
to an embodiment, there is provided an electromagnetic flow-
meter comprising: an excitation member having a plurality of
magnets which are arranged along an outer circumferential
surface of a flow channel in which liquid metal flows so as to
be spaced apart from one another by a predetermined interval
and forming a magnetic field in a direction perpendicular to
the outer circumferential surface of the flow channel; an elec-
trode provided between the magnets of the excitation member
and measuring voltage generated when the liquid metal
crosses the magnetic field; and a pulse excitation current
supply device supplying pulsed excitation current to the exci-
tation member.

Furthermore in order to achieve the above-mentioned
object, according to an embodiment, there is provided an
electromagnetic flow rate measurement system comprising a
plurality of electromagnetic flowmeters which are arranged
in a circumferential direction of a flow channel in which
liquid metal flows so as to be spaced apart from one another
by a predetermined interval, the electromagnetic flowmeters
each including: an excitation member having a plurality of
magnets which are arranged along an outer circumferential
surface of the flow channel so as to be spaced apart from one
another by a predetermined interval and forming a magnetic
field in a direction perpendicular to the outer circumferential
surface of the flow channel; an electrode provided between
the magnets of the excitation member and measuring voltage
generated when the liquid metal crosses the magnetic field;
and a pulse excitation current supply device supplying pulsed
excitation current to the excitation member.

In order to achieve the above-mentioned object, according
to an embodiment, there is provided an electromagnetic flow
rate measurement method comprising: a magnetic field gen-
eration step of generating a magnetic field in a direction
perpendicular to an outer circumferential surface of a flow
channel in which liquid metal flows by means of an excitation
member having a plurality of magnets which are arranged
along the outer circumferential surface of the flow channel so
as to be spaced apart from one another by a predetermined
interval; and a voltage measurement step of measuring volt-
age generated when the liquid metal crosses the magnetic
field by means of an electrode provided between the magnets
of the excitation member, wherein in the magnetic field gen-
eration step, pulsed excitation current is supplied from a pulse
excitation supply device to the excitation member.

Advantage of the Invention

According to the electromagnetic flowmeter, electromag-
netic flow rate measurement system, and electromagnetic
flow rate measurement method of the present invention, it is
possible to suppress occurrence of the flow speed distribution
in the circumferential direction of the flow channel to thereby
achieve accurate flow rate measurement.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional configuration view illustrating a
first embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

FIG. 2 is an enlarged view of an electromagnetic flowmeter
of FIG. 1.

FIG. 3 is a timing chart illustrating temporal changes of an
excitation current, a magnetic field, an electrode output, and
a flow speed of Na in the electromagnetic flowmeter of FIG.
1.

FIG. 4 is a cross-sectional configuration view illustrating a
second embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

FIG. 5 is a cross-sectional configuration view illustrating a
third embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

FIG. 6 is a cross-sectional configuration view illustrating a
fourth embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

FIG. 7 is a cross-sectional configuration view illustrating a
fifth embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

FIG. 8 is a cross-sectional configuration view illustrating a
sixth embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

FIGS. 9A and 9B are each a cross-sectional configuration
view illustrating a modification of a flow channel.

FIG. 10 is a timing chart illustrating temporal changes of
the excitation current, magnetic field, electrode output, and
flow speed of Na in a conventional electromagnetic flowme-
ter.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

Embodiments of an electromagnetic flow rate measure-
ment system and an electromagnetic flow rate measurement
method according to the present invention will be described
below with reference to the drawings.

First Embodiment

FIG. 1 is a cross-sectional configuration view illustrating a
first embodiment of an electromagnetic flow rate measure-
ment system according to the present invention. FIG. 2 is an
enlarged view of an electromagnetic flowmeter of FIG. 1.
FIG. 3 is a timing chart illustrating temporal changes of an
excitation current, a magnetic field, an electrode output, and
a flow speed of Na in the electromagnetic flowmeter of FIG.
1.

As illustrated in FIG. 1, an annular channel 1 is a large-
sized (large-diameter) pipeline having an annular shape in
cross section, in which liquid metal such as sodium flows as
fluid to be measured, as in, e.g., a core or piping of a fast
reactor. The annular channel 1 includes inner and outer ducts
2 and 3 each made of a non-magnetic body. Six electromag-
netic flowmeters 4 are arranged on an outer circumferential
surface of the outer duct 3 so as to be spaced apart from one
another by a predetermined interval. The number of the elec-
tromagnetic flowmeters 4 arranged on the outer circumferen-
tial surface of the outer duct 3 is determined by a relationship
between a length of an outer circumference of the annular
channel 1 and a width of each of the electromagnetic flow-
meters 4. In the present embodiment, six electromagnetic
flowmeters 4 are arranged as described above.
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The electromagnetic flowmeters 4 each include an excita-
tion member 5 for forming a magnetic field in a direction
normal to an axis of the annular channel 1 and a pair of
electrodes 6a and 65 for measuring voltage generated when
the liquid metal crosses the magnetic field. The voltage is
taken outside through the pair of electrodes 6a and 65, and a
flow rate or flow speed of the liquid metal is calculated based
on a measurement value of the voltage.

The excitation member 5 has three electromagnets 5a, 56
and 5¢ which are arranged so as to be spaced apart from one
another by a predetermined interval. Leading ends of the
three electromagnets 5a, 56 and 5¢ contact the outer circum-
ferential surface of the annular channel 1. The electrodes 6a
and 6b are symmetrically arranged on both sides of the center
electromagnets 56. Rear ends of the electromagnets 5a, 5b
and 5¢ are connected to a connection portion 5d.

Excitation coils 15a, 1556 and 15¢ are wound around the
electromagnets 5a, 5b and Sc, respectively, as illustrated in
FIG. 2. Current flows through the excitation coils 15a, 155
and 15¢ such that a polarity of a magnetic pole appearing at
the leading end of the center electromagnet 56 and a polarity
of magnetic poles appearing at the leading ends of both-side
electromagnets are opposite to each other. That is, the elec-
tromagnets 5a, 5b and 5¢ are arranged such that N-polarity
and S-polarity appear alternately along the outer circumfer-
ential surface of the outer duct 3.

A pulse excitation current supply device 7a supplies pulsed
excitation current to the excitation coils 15a, 156 and 15¢ of
the respective electromagnets 5a, 56 and Sc¢. The excitation
current is supplied for as short a time period as several m sec.

The following describes operation of the present embodi-
ment.

When the pulsed excitation current is supplied from the
pulse excitation current supply device 7a to the excitation
coils 15a, 155 and 15c¢ of each electromagnetic flowmeter 4,
a magnetic flux from the leading ends (N-poles) of both-side
electromagnets 5a and 5¢ of each electromagnetic flowmeter
4 to the leading end (S-pole) of the center electromagnet 55 is
generated to form a synthetic magnetic field in a direction
(radial direction of the annular channel 1) perpendicular to
the outer duct 3 in the vicinity the leading end of the center
electromagnet 54.

As aresult, according to Fleming’s right hand rule, in the
liquid metal around the leading end of the center electromag-
net 55, electromotive force (voltage) is generated in accor-
dance with a flow speed of the liquid metal in a direction
perpendicular to both the direction (radial direction of the
annular channel 1) of the magnetic field and a direction (axial
direction of the annular channel 1) of a flow of the liquid
metal, in other words, in a direction of a line connecting the
both electrodes 6a and 65. The electromotive force is taken
outside through the both electrodes 64 and 65, and a flow rate
or flow speed of the liquid metal is calculated based on a
measurement value thereof by a not-illustrated flow rate con-
version circuit.

When the excitation current is supplied to the excitation
coils 15a,15b and 15¢ of the respective electromagnets 5a, 56
and 5S¢ of the electromagnetic flowmeter 4, a magnetic field is
generated, and a time required to generate an electrode output
is determined by a speed of free electrons moving in a path
between the both electrodes 6a and 6b. This speed is
extremely high, while a change in the flow speed of the liquid
metal (Na flow speed) that has been subject to the magnetic
field is slow.

For this reason, in the present embodiment, the pulsed
excitation current is supplied from the pulse excitation cur-
rent supply device 7a to the excitation coils 15a, 155 and 15¢
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of'the respective electromagnets 5a, 56 and 5¢. As a result, as
illustrated in FIG. 3, the electrode output can be obtained
before the change in the Na flow speed is promoted by the
generated magnetic field.

In a nuclear power plant, a measurement value of the flow
rate or flow speed of the liquid metal is sampled at a constant
interval, such as every 24 hours.

As described above, according to the present embodiment,
the pulsed excitation current is supplied from the pulse exci-
tation current supply device 7a to the excitation coils 15a, 156
and 15¢ of the respective electromagnets 5a, 5b and 5¢, so that
even when the flow speed of the liquid metal is low, it is
possible to prevent the flow speed distribution in the circum-
ferential direction of the annular channel 1 to thereby achieve
accurate flow rate measurement.

Although three electromagnets 5a, 56 and 5¢ and two elec-
trodes 6a and 65 (pair of electrodes 6a and 64) are arranged in
the present embodiment, the number of electromagnets and
electrodes to be arranged may be changed appropriately.

Further, although six each electromagnetic flowmeters 4
are used to calculate the flow rate or flow speed of the liquid
metal in the present embodiment, the number of the electro-
magnetic flowmeters 4 to be used is not limited to this, but the
use of at least one electromagnetic flowmeter 4 can achieve
the same measurement result.

Second Embodiment

FIG. 4 is a cross-sectional configuration view illustrating a
second embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

In the following embodiments, description on the same
configurations and functions as those of the first embodiment
will be omitted, and only different configurations and func-
tions will be described. Further, the electromagnetic flowme-
ter 4 in the following embodiments has the same configura-
tion and operation as those of the electromagnetic flowmeters
4 of the first embodiment, so the same reference numerals are
used for the identical components, and descriptions thereof
will be omitted.

As illustrated in FIG. 4, in the present embodiment, six
electromagnetic flowmeters 4 are connected to a common
pulse excitation current supply device 7b. The pulse excita-
tion current supply device 76 has two functions: a function of
selecting any of the six electromagnetic flowmeters 4 and a
function of supplying short-lasting pulsed excitation current
to the excitation coils 15a, 156 and 15¢ of the excitation
member 5 of the selected electromagnetic flowmeters 4.

The pulse excitation current supply device 75 is connected
with an averaging device 8. The averaging device 8 acquires,
as needed, the output voltage generated from the electrodes
6a and 65 of the electromagnetic flowmeters 4 that have
sequentially selected by the pulse excitation current supply
device 7b to be supplied with the excitation current and aver-
ages the acquired output voltage.

The following describes operation of the present embodi-
ment.

The pulse excitation current supply device 75 sequentially
selects any of the six electromagnetic flowmeters 4 and sup-
plies the pulsed excitation current to the selected electromag-
netic flowmeters 4, and a magnetic field is generated from the
electromagnets 5a, 56 and 5¢ of each of the selected electro-
magnetic flowmeters 4. According to Fleming’s right hand
rule, an electromotive voltage signal is generated from the
electrodes 6a and 65 by the magnetic field. Then, the pulse
excitation current supply device 75 applies, as needed, the
output voltage generated from the electrodes 6a and 65 of the
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selected electromagnetic flowmeters 4 to the averaging
device 8. The averaging device 8 acquires the output voltage
from the selected electromagnetic flowmeters 4 and then
averages the acquired output voltage.

The other configurations and operations are the same as
those of the first embodiment, and descriptions thereof will be
omitted.

As described above, according to the present embodiment,
the electromagnetic flowmeters 4 are sequentially selected by
the pulse excitation current supply device 75, the excitation
current is supplied at high speed to the excitation coils 154,
155 and 15¢, the measured output voltage are averaged by the
averaging device 8, and the averaged value is used as a rep-
resentative value, whereby it is possible to obtain an effect of
suppressing influence of individual variability, in addition to
the effect of the first embodiment.

Further, according to the present embodiment, the pulse
excitation current supply device 76 sequentially selects the
electromagnetic flowmeters 4 so as to supply the excitation
current thereto. This configuration requires only one pulse
excitation current supply device 75, allowing the structure to
be simplified.

Third Embodiment

FIG. 5 is a cross-sectional configuration view illustrating a
third embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

As illustrated in FIG. 5, in the present embodiment, the
excitation coils 15a, 156 and 15¢ of the respective electro-
magnets 5a, 56 and 5¢ of the six electromagnetic flowmeters
4 are all sequentially connected one another in series. All the
excitation coils 154, 155 and 15¢ thus connected in series are
connected to a pulse excitation current supply device 7c.

The pulse excitation current supply device 7¢ can supply
short-lasting pulsed excitation current having the same exci-
tation current value to the excitation coils 15a, 156 and 15¢ of
the series-connected six electromagnetic flowmeters 4.

The following describes operation of the present embodi-
ment.

The pulse excitation current supply device 7¢ supplies the
pulsed excitation current having the same excitation current
value to the excitation coils 154, 156 and 15¢ of the six
electromagnetic flowmeters 4, and a magnetic field is gener-
ated from the electromagnets 5a, 56 and 5S¢ of each of the
electromagnetic flowmeters 4. According to Fleming’s right
hand rule, an electromotive voltage signal is generated from
the electrodes 6a and 65 by the magnetic field. The electro-
motive voltage signal is taken outside, and a flow rate or flow
speed of the liquid metal is calculated based on a measure-
ment value thereof by a not-illustrated flow rate conversion
circuit.

As described above, according to the present embodiment,
the same excitation current value is supplied from the pulse
excitation current supply device 7¢ to the plurality of electro-
magnetic flowmeters 4, so that it is possible to reduce indi-
vidual variability between values of the output voltage from
the electromagnetic flowmeters 4 as compared to a case
where the excitation currents are supplied individually to the
electromagnetic flowmeters 4. Further, this configuration
requires only one pulse excitation current supply device 7c,
allowing the structure to be simplified.

Fourth Embodiment

FIG. 6 is a cross-sectional configuration view illustrating a
fourth embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.
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As illustrated in FIG. 6, the excitation coils 15a, 155 and
15¢ of the electromagnetic flowmeters 4 disposed mutually
opposite to each other across the annular channel 1 are con-
nected in series to be paired with each other, and three pairs
thereof are provided. One pair of the electromagnetic flow-
meters 4 are connected to a single pulse excitation current
supply device 7c¢. That is, three sets each including the pair of
electromagnetic flowmeters 4 and one pulse excitation cur-
rent supply device 7¢ are provided.

As in the third embodiment, the three pulse excitation
current supply devices 7c¢ each can supply short-lasting
pulsed excitation current having the same excitation current
value to the excitation coils 15a, 156 and 15¢ of the pair of
series-connected electromagnetic flowmeters 4.

The following describes operation of the present embodi-
ment.

The three pulse excitation current supply device 7¢ each
supply the pulsed excitation current having the same excita-
tion current value to the excitation coils 15a, 155 and 15¢ of
the two electromagnetic flowmeters 4, and a magnetic field is
generated from the electromagnets 5a, 56 and 5¢ of each of
the electromagnetic flowmeters 4. According to Fleming’s
right hand rule, an electromotive voltage signal is generated
from the electrodes 6a and 65 by the magnetic field. The
electromotive voltage signal is taken outside, and a flow rate
or flow speed of the liquid metal is calculated based on a
measurement value thereof by a not-illustrated flow rate con-
version circuit.

As described above, according to the present embodiment,
the pulsed excitation current having the same excitation cur-
rent value is supplied from the pulse excitation current supply
device 7¢ to the pair of electromagnetic flowmeters 4, and the
electromotive voltage signals are acquired by means of not-
illustrated three flow rate conversion circuit, respectively.
This configuration can be applied to a flowmeter to be pro-
vided in a safety protection system for which two outputs are
required from each of three systems in a general nuclear
power plant.

Fifth Embodiment

FIG. 7 is a cross-sectional configuration view illustrating a
fifth embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

As illustrated in FIG. 7, in the present embodiment, a
search coil 9 serving as a magnetic field measuring device is
disposed in the vicinity of one of the six electromagnetic
flowmeters 4 in the configuration of the third embodiment
illustrated in FIG. 5.

More specifically, the excitation coils 154, 155 and 15¢ of
the respective electromagnets 5a, 56 and 5¢ of the six elec-
tromagnetic flowmeters 4 are all sequentially connected one
another in series. All the excitation coils 15a, 155 and 15¢
thus connected in series are connected to a pulse excitation
current supply device 7d.

The pulse excitation current supply device 7d can supply
short-lasting pulsed excitation current having the same exci-
tation current value to the excitation coils of the series-con-
nected six electromagnetic flowmeters 4.

The search coil 9 capable of transmitting a signal to the
pulse excitation current supply device 7d is disposed in the
vicinity of one side of one of the six electromagnetic flow-
meters 4. That is, the search coil 9 is disposed in the vicinity
of one side of the electromagnet 5¢ of the electromagnetic
flowmeter 4. The search coil 9 measures magnetic flux den-
sity of a magnetic field generated from the electromagnet 5¢
when the excitation current is supplied to the electromagnetic
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flowmeter 4. Thus, the search coil 9 is disposed within a range
of the magnetic field of the electromagnet 5c¢.

The following describes operation of the present embodi-
ment.

The pulse excitation current supply device 7d supplies the
pulsed excitation current having the same excitation current
value to the excitation coils 154, 156 and 15¢ of the six
electromagnetic flowmeters 4, and a magnetic field is gener-
ated from the electromagnets 5a, 56 and 5S¢ of each of the
electromagnetic flowmeters 4. According to Fleming’s right
hand rule, an electromotive voltage signal is generated from
the electrodes 6a and 65 by the magnetic field. The electro-
motive voltage signal is taken outside, and a flow rate or flow
speed of the liquid metal is calculated based on a measure-
ment value thereof by a not-illustrated flow rate conversion
circuit.

Then, when the excitation current is supplied from the
pulse excitation current supply device 7d, the magnetic flux
density of the magnetic field generated from the electromag-
net 5¢ is measured by the search coil 9. A measurement signal
obtained by the search coil 9 is transmitted to the pulse exci-
tation current supply device 7d. This allows a secular change
of the magnetic field to be monitored.

As described above, according to the present embodiment,
the magnetic field generated from the electromagnet 5¢ by the
supply of the excitation current is measured by the search coil
9, and a measurement signal obtained by the search coil 9 is
transmitted to the pulse excitation current supply device 7d,
whereby a secular change of the magnetic field can be moni-
tored. As a result, it is possible to detect a failure or a function
degradation of the electromagnetic flowmeter 4 in the early
stages and to control the excitation current according to the
secular change of the magnetic field to set the excitation
current to a value at which a predetermined output voltage can
be obtained.

Although the search coil 9 is disposed in one side of the
electromagnet 5¢ in the present embodiment, the search coil
9 may be disposed on one side of the electromagnet 5a.
Further alternatively, the search coils 9 may be disposed on
one sides of the respective electromagnets 5a and 5¢. By
disposing the search coils 9 on one sides of the respective
electromagnets 5a and 5¢ as described above, magnetic field
measurement accuracy can be enhanced.

Further, although the measurement signal obtained by the
search coil 9 is transmitted to the pulse excitation current
supply device 7d in the present embodiment, the measure-
ment signal may be transmitted to a monitoring device. The
same can be said for a sixth embodiment to be described
below.

Sixth Embodiment

FIG. 8 is a cross-sectional configuration view illustrating a
sixth embodiment of an electromagnetic flow rate measure-
ment system according to the present invention.

As illustrated in FIG. 8, in the present embodiment, the
search coils 9 are disposed in the vicinity of one sides of the
respective six electromagnetic flowmeters 4 in the configu-
ration of the first embodiment illustrated in FIG. 1. That is, the
search coils 9 are disposed in the vicinity of one sides of the
electromagnets 5¢ of the respective electromagnetic flowme-
ters 4. The search coils 9 each measure magnetic flux density
of a magnetic field generated from the electromagnets 5S¢
when the excitation current is supplied to the electromagnetic
flowmeters 4. Thus, the search coils 9 are each disposed
within a range of the magnetic field of the electromagnet 5c.
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As in the first embodiment, the pulse excitation current
supply device 7a supplies the pulsed excitation current to the
excitation coils 15a, 156 and 15¢ of the respective electro-
magnets Sa, 5b and 5c.

The following describes operation of the present embodi-
ment.

The pulse excitation current supply devices 7a supply the
pulsed excitation current having the same excitation current
value to the excitation coils 154, 156 and 15¢ of the respective
six electromagnetic flowmeters 4, and a magnetic field is
generated from the electromagnets 5a, 56 and 5¢ of each of
the electromagnetic flowmeters 4. According to Fleming’s
right hand rule, an electromotive voltage signal is generated
from the electrodes 6a and 65 by the magnetic field. The
electromotive voltage signal is taken outside, and a flow rate
or flow speed of the liquid metal is calculated based on a
measurement value thereof by a not-illustrated flow rate con-
version circuit.

Then, when the excitation current is supplied from each of
the pulse excitation current supply devices 7a, the magnetic
flux density of the magnetic field generated from each elec-
tromagnet 5c¢ is measured by the search coil 9. A measure-
ment signal obtained by the search coil 9 is transmitted to the
corresponding pulse excitation current supply device 7a. This
allows a secular change of the magnetic field of each electro-
magnetic flowmeter 4 to be monitored.

As described above, according to the present embodiment,
the magnetic fields generated from the respective electromag-
nets 5¢ by the supply of the excitation current to the six
electromagnetic flowmeters 4 are measured by the respective
search coils 9, and measurement signals obtained by the
search coils 9 are transmitted to the corresponding pulse
excitation current supply devices 7a, whereby a secular
change of each magnetic field can be monitored. As a result,
it is possible to detect a failure or a function degradation of
each electromagnetic flowmeter 4 in the early stages and to
control the excitation current according to the secular change
of'the magnetic field to set the excitation current to a value at
which a predetermined output voltage can be obtained.

Further, according to the present embodiment, it is possible
to supply the excitation current of a given value to the plural-
ity of electromagnetic flowmeters 4 individually, and the
search coils 9 are provided for respective electromagnetic
flowmeters 4, so that it is possible to detect a failure or a
function degradation of individual electromagnetic flowme-
ters 4 and to control the excitation current according to the
secular change of the magnetic field to set the excitation
current to a value at which a predetermined output voltage can
be obtained.

Although the preferred embodiments of the present inven-
tion have been described above, the embodiments are merely
illustrative and do not limit the scope of the present invention.
These novel embodiments can be practiced in other various
forms, and various omissions, substitutions and changes may
be made without departing from the scope of the invention.

For example, although the six electromagnetic flowmeters
4 are arranged along the outer circumferential surface of the
annular channel 1 so as to be spaced apart from one another by
a predetermined interval in each of the above-described
embodiments, the present invention is not limited to this, but
the arrangement of at least one or more electromagnetic flow-
meters 4 on the outer circumferential surface of the annular
channel 1 can achieve the same effect.

Further, although the annular channel 1 having an annular
shape in cross section is used as the flow channel in each of the
above-described embodiments, the present invention is not
limited to this. For example, the flow channel to be used in the

40
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present invention may have a vertically-long rectangular
cross section, a horizontally-long rectangular cross section,
or other cross-sectional shape.

Further, the excitation device in each of the above-de-
scribed embodiments includes a direct-current type excita-
tion device. Alternatively, a permanent magnet type excita-
tion device or an alternating-current type excitation device
can be used instead of the direct-current type excitation
device.

Further, although a rectangular waveform is used as the
pulsed excitation current in each of the above-described
embodiments, a triangular waveform or a sawtooth waveform
may also be used. Further, in addition to the excitation current
having the rectangular waveform, a waveform that can elimi-
nate influence of a residual magnetic field may be used.

The embodiments and the modifications thereof are
included in the scope or spirit of the present invention and in
the appended claims and their equivalents.

For example, although the annular channel is used in each
of the above-described embodiments, the shape of the flow
channel is not limited to this. The configuration of each of the
above-described embodiments may be applied to a case
where a flow speed distribution occurs in the flow channel by
a magnetic flux generated by constant excitation of' a magnet
of the electromagnet flowmeter. More specifically, the con-
figuration of each of the above-described embodiments may
be applied to a configuration in which the magnetic flux does
not pass the entire flow channel but a strong magnetic flux
passes a part of the flow channel.

In other words, as another example of the annular channel,
a flow channel 1a having a circular arc shape (part of a
circular ring) in cross section perpendicular to an axial direc-
tion of the flow channel (FIG. 9A), a flow channel 15 having
a rectangular shape in cross section perpendicular to the axial
direction of the flow channel (FIG. 9B), and the like are
conceivable. Alternatively, even in a case where a circular
tube flow channel (having a circular shape in cross section
perpendicular to the axial direction of the flow channel) and
where the influence of the magnetic flux is not local, appli-
cation of the configuration of each of the above-described
embodiments can reduce the influence on the electromagnetic
flowmeter due to the excitation, provided that the flow speed
of'coolant is low (for example, a case where coolant is circu-
lated not by a pump but by natural circulation).

EXPLANATION OF THE SYMBOLS

1: Annular channel

1a: Circular arc flow channel

15: Rectangular flow channel

2: Inner duct

3: Outer duct

4: Electromagnetic flowmeter

5: Excitation member

5a, 5b, 5¢: Electromagnet

6a, 6b: Electrode

7: Pulse excitation current supply device
7a: Pulse excitation current supply device
7b: Pulse excitation current supply device
7c: Pulse excitation current supply device
7d: Pulse excitation current supply device
8: Averaging device

9: Search coil (magnetic field measuring device)
154, 155, 15¢: Excitation coil
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What is claimed is:
1. An electromagnetic flow rate measurement system com-

prising a plurality of electromagnetic flowmeters which are
arranged in a circumferential direction of a flow channel in
which liquid metal flows so as to be spaced apart from one 5
another,

the electromagnetic flowmeters each including:
an excitation member having a plurality of magnets
which are arranged along an outer circumferential
surface of the flow channel so as to be spaced apart 10
from one another and form a magnetic field in a direc-
tion perpendicular to the outer circumferential surface
of the flow channel,;
an electrode provided between the magnets of the exci-
tation member and configured to measure voltage
generated when the liquid metal crosses the magnetic
field; and
a pulse excitation current supply device configured to
supply pulsed excitation current to the excitation
member.
2. The electromagnetic flow rate measurement system

15

20

according to claim 1, wherein

aplurality of the pulse excitation current supply devices are
provided in correspondence with the plurality of elec-
tromagnetic flowmeters.

3. The electromagnetic flow rate measurement system

25

according to claim 2, wherein

a magnetic field measuring device configured to measure
the magnetic field generated from the excitation member
when the pulsed excitation current is supplied to each of
the electromagnet flowmeters is provided for each of the
electromagnetic flowmeters.

4. The electromagnetic flow rate measurement system

according to claim 1, wherein

the pulse excitation current supply device is provided sin-
gularly and is configured to select any of the plurality of
electromagnetic flowmeters so as to supply the pulsed
excitation current.

5. The electromagnetic flow rate measurement system

35

40

the pulse excitation current supply device is provided sin-
gularly and is configured to supply the pulsed excitation
current to the series-connected excitation members of
the respective electromagnetic flowmeters.

6. The electromagnetic flow rate measurement system 45

according to claim 5, wherein

a magnetic field measuring device configured to measure
the magnetic field generated from the excitation member
when the pulsed excitation current is supplied to the
electromagnet flowmeter is provided in one of the elec- 50
tromagnetic flowmeters.
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7. The electromagnetic flow rate measurement system

according to claim 1, wherein

a plurality of pairs of mutually opposing electromagnetic
flowmeters are provided, and

the pulse excitation current supply device is provided for
each pair of the mutually opposing electromagnetic
flowmeters.

8. Anclectromagnetic flow rate measurement method com-

prising:

a magnetic field generation step of generating a magnetic
field in a direction perpendicular to an outer circumfer-
ential surface of a flow channel in which liquid metal
flows by means of an excitation member having a plu-
rality of magnets which are arranged along the outer
circumferential surface of the flow channel so as to be
spaced apart from one another; and

a voltage measurement step of measuring voltage gener-
ated when the liquid metal crosses the magnetic field by
means of an electrode provided between the magnets of
the excitation member, wherein

in the magnetic field generation step, pulsed excitation
current is supplied from a pulse excitation supply device
to the excitation member.

9. An electromagnetic flowmeter comprising:

an excitation member having a plurality of magnets which
are arranged along an outer circumferential surface of'a
flow channel in which liquid metal flows so as to be
spaced apart from one another and form a magnetic field
in a direction perpendicular to the outer circumferential
surface of the flow channel;

an electrode provided between the magnets of the excita-
tion member and configured to measure voltage gener-
ated when the liquid metal crosses the magnetic field;
and

a pulse excitation current supply device configured to sup-
ply pulsed excitation current to the excitation member,
wherein

the pulsed excitation current is supplied for a time period of
several milliseconds.

10. The electromagnetic flow rate measurement system

according to claim 1, wherein

the pulsed excitation current is supplied for a time period of
several milliseconds.

11. The electromagnetic flow rate measurement method

according to claim 8, wherein

the pulsed excitation current is supplied for a time period of
several milliseconds.
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